Introduction
Ion-selective electrodes (ISEs) of the liquid membrane type have been developed over four decades as sensitive, inexpensive and handy sensors to selectively determine the concentration (activity) of ions in aqueous samples. [1] [2] [3] The ISEs of this type sense any change in the phase-boundary potential determined by the partition equilibrium of ionic species in the vicinity of the interface between the liquid membrane and a sample solution. [4] [5] [6] [7] The liquid membranes of the ISEs are usually composed of polymers, organic solvents, ion exchangers or salts of hydrophobic counter-ions, and ligands that specifically interact with the target ions.
Hydrophobic room-temperature ionic liquids (RTILs), which are composed of hydrophobic ions and immiscible with water, are attractive media for the liquid-membrane ion-selective electrodes because of their negligible volatility, ionic conductivity and hydrophobicity. However, the partition of the hydrophobic RTILs to an aqueous solution (W) may affect the phase-boundary potential for the RTIL-W two-phase systems. 8 The partition is useful when the phase-boundary potential formed by the partitioning of the RTIL is desirable as in the application of the RTILs to salt bridges. [9] [10] [11] However, the partition of RTIL-constituting ions should be minimized when the RTILs are used as so-called plasticizers or ion exchangers of the liquid-membrane ISEs. Several attempts have been made to use ILs as a component of the liquid-membrane ISEs. [12] [13] [14] In these studies the response of ISEs to the target ions was not nernstian; the slopes less than (RT/z i F)ln 10 were obtained for the plots of the potential against the common logarithm of the concentration of the target ions, where R is the gas constant, T is the absolute temperature, z i is the charge on i in signed units of electronic charge, and F is the Faraday constant. One of the reasons for the non-ideal nernstian response is likely to be the insufficient hydrophobicity of the RTILs added to the membrane. The partition of the RTIL-constituent ions can make a non-negligible contribution to the phase-boundary potential between the liquid membrane and the aqueous solution.
The partition of RTIL-constituent ions can be minimized by using highly hydrophobic RTILs composed of highly hydrophobic ions. The interface between W and highly hydrophobic RTILs is electrochemically polarizable; 15-19 1.1 V is the widest. 20 Within the wide polarized potential window, we found that alkali metal ions in W are able to be transferred into a highly hydrophobic ionic liquid, N-octadecylisoquinolinium tetrakis [3,5- ]-W two-phase system was studied using potentiometry.
Measurements of physicochemical properties
The potential was measured using an electrometer (R8140, Advantest) and a glass cell as described elsewhere. 8 The composition of the electrochemical cell employed was: ) and W. To extract the change in the latter, E p was corrected as follows:
where E cor is the corrected potential and a ± KCl is the mean ionic activity of KCl in W. For the values of the mean activity coefficient at concentrations higher than 0.1 M, literature values were used. 24 The values at concentrations lower than 0.1 M were estimated from the extended Debye-Hückel theory. 25 All electrochemical measurements were performed at 25.0˚C by circulating water in the outer jacket of the cells. A CV in the presence of DCH18C6 (solid curve in Fig. 1 ) shows positive and negative currents superimposed on the charging current within the potential window. A positive and a negative current peak were seen at forward and backward scans, respectively. The feature is the same as that for the FIT 
Results and Discussion
where L is a ligand, DCH18C6, KL + is the 1:1 complex of K + with DCH18C6, and R is RTIL. The Nernst equation of Eq. (1) may be written as 36, 37 
where D -]|W interface and other RTIL|W interfaces. 41 Hereafter, for the plot of the potentials against the mean ionic activity of K + in W, we used the potentials at t ≥ 30 min. The variation of the potential against the common logarithm of the activity of K + in W for cell (B) is shown in Fig. 3 . The plot of E cor vs. log a ± KCl is linear in the concentration range from 50 mM to 100 mM. The linear relationship agrees with a slope of 59.2 mV/decade at 25˚C shown in Fig. 3 as a solid line. At lower and higher concentrations beyond this concentration range, the experimental points deviated from the nernstian slope. One possible reason for the deviation at low concentrations is the shift of the potential of the Ag/AgCl/W interface from the expected one due to low Cl -concentrations. 10 Another reason for the deviation is the dissolution of AgCl in W from the Ag/AgCl electrode to produce Ag + ions in W behaving as interfering ions to K + . The AgCl dissolution occurs when the Cl -concentration is lower than or compatible with 13 mM, the solubility of AgCl in water. 42 The complex formation constant with DCH18C6 of Ag + is known to be comparable to that of K + in molecular solvents, 32 suggesting that the lower limit in the present study is located at concentrations around the solubility of AgCl. The deviation at high concentrations in Fig. 3 can be interpreted by assuming that the partition of KCl in W into
-] occurs at high concentrations. 38 Such an upper limit is determined by several factors such as the hydrophobicity of the metal ion and the counter-ion in W, and the complex formation constant of the metal ion with the ligand in liquid membranes of ISEs. 38 We employed a model to explain . In the present study, the complex formation constant of K + with DCH18C6 was a weighted average of that of the cis-syn-cis and cis-anti-cis isomers. It is known that these cis isomers show almost the same extractability of metal ions, 43 while the difference in cis and trans isomers is much larger. 32, 43 In the model adopted, 44, 45 the phase-boundary potential at equilibrium is calculated using several parameters including the formal potential for the ion transfer across the RTIL|W interface,
, for all ions in the two-phase system and the complex formation constant (see Appendix for details).
In the following we used the formal potential of the ion transfer across the nitrobenzene (NB)|W interface, D 15 and RTILs based on other anions. 30 The parameters used to calculate the phase-boundary-potential for the RTIL-W two-phase system, D W R f, are listed in Table 2 . The volume ratio of RTIL to W, r, can significantly affect the partition characteristics, especially when r is extremely large or small, for example, in the cases of emulsions or vesicles. 46 In the present study r was assumed to be unity.
E cor -log a ± KCl curves from the calculation with the complex formation constants of 1 ¥ 10 8 (dashed line), 1 ¥ 10 9 (dashed dotted line) and 1 ¥ 10 10 (dashed double-dotted line) are shown in Fig. 3 . One can see that the curve with 1 ¥ 10 9 is well fitted to experimental plots at high concentrations of K + . At the lower limit the calculation curves did not fit to the experimental plots because neither the unexpected shift of the Ag/AgCl electrode nor the interference by Ag + was taken into account in the calculation. From Fig. 3 , one can see that the value of the complex formation constant is on the order of 10 9 , which agrees with 1 ¥ 10 9 , for the same complexation in nitrobenzene evaluated using cyclic voltammetry for the ion transfer across the NB|W interface. 22 The Fig. 3 . The upper limit decreased from 100 to 10 mM. This is likely to be caused by a change in the Table 2 ). The vertical dotted line shows the solubility of AgCl in water (13 mmol dm -3 ). 
